A high-resolution, electrostatically-focused
Summary
The high-speed, high-resolution streak image tube being developed is a major component in a streak camera system whose primary application is for diagnostics in underground nuclear testing, although the camera system will also have applications to the Inertial Confinement Fusion Program and other highspeed diagnostic requireinents. The tube should be capable of a time resolution of 100 ps and a spatial resolution to provide 1000 resolution elements (500 line pairs) across the cathode. This is much greater than the number of resolution eleinents presently available on existing tubes. The camera system should find applications in time-resolved X-ray pinhole camera experiments, time-resolved bent crystal X-ray spectrometer experiments and other time-resolved radiation experiments. In principle, the high resolution streak camera can replace literally hundreds of oscilloscopes or be the detector for hundreds of optical fibers.
Sophisticated computer programs were used to aid in the design of the tube. Laplace's equation is solved in two dimnensions for the azimuthally-symimetric imaging electrodes and for the deflection plates.
Electron trajectories in full three dimension are computed for these fields. Both tangential and sagital trajectories are considered in order to achieve better spatial resolution.
Measurements with a demountaole streak tube with an aluminnum photocathode and illuminated with ultraviolet light showed the static resolution of the tube is consistent with 800 line pairs of resolution across the photocathode. Work is continuing on the optimization of the deflection plates to minim-ize distortion during streaking to maintain at least 500-line-pair resolution across the photocathode. The design is presently being implemented in a hard prototype streak tube.
Introduction
Several experiments have been envisaged in the underground nuclear testing program that can best be done using a high-speed high-resolution electronic streak camera. These include time-resolved pinhole camera and bent-crystal X-ray spectrometer experiments, or the camera can be the detector for hundreds of optical fibers. Tne heart of the streak camera system is the streak image tube. Although a number of excellent streak tubes have been developed in the last ten years, the emphasis in their development has been to obtain shorter time resolutions --into the picosecond range. For our purposes a time resolution of about 100 ps is adequate, while greater spatial information than available with present tubes is highly desirable. The spatial information that can be obtained is given by the number of spatial resolution elements across the photocathode and is related to the resolution of the tube and the diameter of the photocathode.
Technical Discussion
A study was undertaken to de termine if higher spatial resolution in a tube is feasible. This study was aided by the use of large high-speed computers with which the two-dimensional electric potentials of an azimuthal ly-symmetric electrostatically-focused image tube can be calculated. Electrostatic potentials are computed by solving the Laplace equation on a grid of points inside a tube with arbitrary azimuthally-symmetric electrodes using the overrelaxation method.1 From all these trajectories an approximation to the image quality of the tube can be generated. The initial work in this study was done using the propri- A goal of the design is to have a streak tube with a resolution of 32 line pairs per millimeter (lp/mm) across a 1-in.-diameter curved photocathode and with a flat screen to provide approximately 800 line pairs of resolution across the cathode. A second goal is to minimize the image distortion during streaking to maintain at least 500 line pairs of resolution. This latter goal involves the optimization of the geometry of the deflection plates while maintaining a reasonable deflection sensitivity. The design of the imaging electrodes can also be influenced by the effort to reduce the effects of the fringing fields of the deflecting plates on the electron trajectories that can cause distortions in the image and reduce its quality.
A demountable prototype streak tube (Figure 1 ) was built to test the predictions of the computer simulations. This tube is placed in a vacuum system that can be evacuated to about 10 6 torr ( Figure 2 ).
Since the tube is to be removable from the vacuun system for modification, the use of visible light photocathodes, which employ alkali metals and are destroyed in air, is precluded. The photocathode used in the demountable system is about 15 nm of aluminum deposited on a quartz substrate. Ultraviolet light is required to produce photoemission from this aluminum photocathode.
Both a d-c mercury arc lamp and a frequency-doubled dye laser have been used as a light source for measurements with this system. The static resolution measurements, both an undeflected image and with a static deflection +0.5 inch, are consistent with the computer prediction of a 32-lp/mm spatial resolution over a photocathode diameter of about one inch. The measurements of the dynamic spatial resolution and how this is affected by the deflection plate geometery are continuing with the use of the frequency-doubled dye laser. 240 nm to 250 nm. The dye laser has been passively mode locked using DOCI (3, 3'-dihexyloxacarbocyanine iodide) as the saturable absorber to produce a train of short pulses about 500 ns long with pulses of the order of 10 ps wide. It is planned to use this pulse train to measure time resolutions on the demountable tube as well as on a hard prototype tube.
Rather than wait for all the measurements to be made on the demnountable tuDe, a hard prototype tube was designed and is being built. Figure 3 The flashlamp pumped-dye laser is operated with laser dye, LD490, to provide an 800-ns pulse of blue light in the 465-nm to 530-nm range. Two prisms are used to select a .1-nm to .2-nm bandwidth in this range. This light is frequency-doubled using a lithium formate monohydrate second harmonic generating crystal to produce ultraviolet light in the range of PHOSPHOR SCREEN Figure 3 . Schematic drawing of hard prototype streak tube. Deflection plates not shown.
The optimization of tne deflection plate structure is expected to require several iterations. The computer program EBQ has been modified to solve the Laplace equation in two-dimensional rectangular co-ordinates to treat the deflection problem. A good deal of insight can be obtained from the first-order simulations using the two-dimensional fields. However, for the accuracies needed for the electron trajectory calculations to address the spatial resolutions of interest, the fringing fields penetrating through the anode aperture cannot be ignored. Electric fields in the region around the anode aperture should be treated in three dimensions. This is beyond our present capability. would be greatly improved. The spatial resolution would improve so that 32 lp/mm could be achieved across a 2-in.-diameter photocathode and the time resolution would be reduced to a few picoseconds.
Laboratory Report UCID-8005, University of California, Berkeley, California, unpublished. The first prototype tube does not have an accelerating electrode in proximity to the photocathode. This is not needed to achieve 100-ps time resolution or 800 line pair spatial resolution if the cathodeanode potential is 30 kV. However, the resolution of this tube is limited by chromatic aberration --the energy spread of the photoelectrons emitted from the photocathode. Future plans call for placing an accelerating electrode near the cathode.
The computer simulation predicts that the performance of the tube
